Directly bonded Si(011)/Si(001) substrates were prepared by using conventional bonding and grind-back methods. The bonding interface structure and crystallinity in the bonded substrate were studied by transmission electron microscopy and X-ray diffraction (XRD). A regular array of dislocations and undulation were observed in the interface. From XRD analysis, it was confirmed that the crystallinity of the Si(011) layer in the bonded substrate was deteriorated in comparison with that of a bulk Si(011) wafer. We concluded that the directly bonded Si substrates with different crystal orientations induced stress at the bonding interface due to misfit bonding; as a result, the Si(011) layer was strained, and undulation was observed at the bonding interface.
Introduction
Direct silicon bonding (DSB) with hybrid crystal-orientation Si substrates is one of the promising candidate techniques for the development of sub-65-nm bulk CMOS technology [1, 2] and is attracting considerable attention. Hole mobility in the Si(011) plane and along the <011> direction is more than twice as fast as that in the conventional Si(001) plane [3] , whereas electron mobility is the maximum in the conventional Si(001) along the <110> direction. [ 1] , in which the nFETs and pFETs were respectively fabricated on the Si(001) and Si(011) surfaces, allows 35% performance enhancement in pFETs, while the same performance for nFETs as that for the devices fabricated on the CMOS fabrication using the conventional bulk-CMOS process
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The 5th International Symposium on Advanced Science and Technology of Silicon Materials (JSPS Si Symposium), Nov. 10-14, 2008, Kona, Hawaii, USA conventional Si(001) wafers was achieved (Fig. 1) . In order to realize such devices fabricated on DSB substrates and maintain the reliability of the device performance, it is necessary to characterize the bonding structure and crystallinity in the DSB substrates. In this study, we have performed DSB by using Si(011) and Si(001) substrates and investigated the bonding structure of directly bonded Si(011)/Si(001) interfaces by using transmission electron microscope (TEM) and X-ray diffraction technique (XRD).
Fabrication of DSB substrate
Throughout this work, p-type 300-mm-dia Czochralski (CZ) Si(011) wafers and p-type 300-mm-dia CZ Si (001) wafers with a normal thickness of 750 m were used. DSB substrates were prepared by using the following procedure: A mirror-polished Si(011) wafer surface and a Si(001) wafer surface were contacted without any bonding materials at room temperature in a clean-room setup. When contacting two wafers, the ]. These analyses of the diffraction contrasts indicated that all stripe contrasts > direction of the substrate, in other words, the defects associated with a screw dislocation. The screw defects were assumed to be induced by the twist misadjustments or the tilt disorientations between the Si(011) wafer and the Si(001) wafer. However, at this moment, we cannot discern the components (screw or tilt) that induced the screw defects. The twist ( ) and tilt ( ) angles of the DSB substrate used in this work were less than 0.2°and 0.5°, respectively. [110]
Cross-sectional TEM analysis [3]
[ (Table 1) , which led to the good quality of the bonded Si(011) layer with a considerably reduced strain.
On the other hand, for (b), the bonding structure was simple. The (220) planes perpendicular to the bonding interface in both the Si(011) layer and the Si(001) wafer were adjusted without distortion. Figure 7 shows the Si(220) rocking curves taken from the Si(011) layer. These diffraction data were collected from two incident beam directions such as the [100] and the [ 1 1 0 ] directions for the Si(011) layer (Fig.8) . These rocking curves respectively reflected the crystallinity of the Si(011) layer perpendicular and parallel to the screw defects line, as shown in Fig.3 . For comparison, a bulk Si(011) wafer was also measured. It was found that the full width at half-maximum (FWHM) value of the Si(011) layer in the DSB was broader than that for the bulk Si (011) wafer. These data indicated that the Si(011) layer formed domains that crystallographically tilted each other with The {400} planes and the {220} planes were adjusted with nearly common multiple intervals of their lattice spacing (0.136 nm for {400} planes and 0.192 nm for {220} planes). 
XRD (X-ray diffraction) analysis [3]

Conclusion
We have characterized DSB substrates with Si(011) and Si(001) substrates. Direct atomic bonding was achieved after ODA at 1473 K for 1 h in an Ar ambience due to the decomposition of the SiO 2 layer. It was found that the screw defects were induced at the direct bonding interface. It was supposed that these defects were induced by the twist or tilt disorientations when contacting Si(011) wafer and Si(001) wafer. By using high-resolution TEM analysis, we found that the Si(011) and the Si(001) wafers were atomically bonded without distortion. However, from high-resolution XRD analysis, we concluded that the crystallinity of the Si(011) layer was distorted as compared to that of the bulk Si(011) wafer. Si(011) surface [100] [011]
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